I n most situations, physicians present several treatment options to patients who harbor complex medical problems. Neurosurgeons face these decision-making challenges on a daily basis and are usually prompted by the patient or the patient's family for their recommendations. Often, strong clinical data do not exist to provide an evidence-based recommendation that would fit the patient in question. Thus, recommendations may follow published evidentiary science modified by personal experience. Frequently, patients ask physicians what they would do for themselves if they were in the same situation. One of the goals of this hypothetical scenario is to give the questioned physician a personal connection to the problem in hopes of reducing treatment biases.
and potential outcomes, we surveyed a group of neurosurgeons on an array of specific neurosurgical scenarios, randomizing the questionnaire so that respondents were answering as either the surgeon recommending treatment or the patient him-or herself. Significant differences in answers between recommendations to a "patient" and choice for "self" may provide interesting insight into how we use available information in practical situations. Specifically, we seek to understand decision-making differences in neurosurgical scenarios when the role of the survey respondent is changed.
methods
A survey was created with 7 neurosurgical scenarios, reviewed by the Education Committee of the Congress of Neurological Surgeons and was distributed to their membership listserv via email (see Appendix and Table 1 ). The survey respondents were randomized to receive one of 2 surveys. In one survey, the respondents were asked what they would choose to receive if they were the patients in each scenario. In the other survey, the respondents were asked what they would do as the surgeons who were making the recommendation. The surveys were otherwise identical.
All respondents were asked to record their level of experience, geographic location, and practice type. The level of experience was divided into 5 categories: junior resident (postgraduate year [PGY] 1-3), senior resident (PGY>3), 1-5 years posttraining (PT1-5), 5-10 years posttraining (PT5-10), and more than 10 years posttraining (PT>10). Practice locations were analyzed by regions (Northeast, Southeast, Northwest, Southwest, and Midwest) and were also grouped into coasts (Northeast, Southeast, Northwest, and Southwest) versus the Midwest, and Northeast versus the rest of the country (Midwest, Southwest, Northwest, and Southwest) for analysis. Practice type was either private practice or academic. Respondents were also asked to quantify the percentage of their practice that involved spine/peripheral nerve, tumor, open cerebrovascular, endovascular, pediatrics, and functional/pain. Respondents whose practices comprised ≥ 30% of any subfield were considered "focused" in that area, and their responses were compared with those of the other respondents.
Question 1 (epidural hematoma in a young patient with mass effect) was included as a control question for which one answer was considered the appropriate treatment.
For Question 2 (elderly patient with a low-grade glioma), the answers were grouped into treatment (biopsy of lesion with chemotherapy/radiation, maximal safe resection with chemotherapy/radiation, chemotherapy only, radiation therapy only, or biopsy only) versus no treatment (comfort measures only). Of the respondents who chose treatment, responses were further subdivided based upon whether the treatment approach was conservative (biopsy of lesion with chemotherapy/radiation, chemotherapy only, radiation therapy only, or biopsy only) versus aggressive (maximal safe resection with chemotherapy/radiation therapy).
For Question 3 (young patient with a 1.5-cm vestibular schwannoma [acoustic neuroma]), answers were grouped into treatment (resection via translabyrinthine or retrosigmoid approach or radiosurgery) versus no treatment (observation and medical management of vertigo). Of the respondents who chose treatment, the responses were further subdivided based on whether the treatment choice was conservative (radiosurgery) versus aggressive (translabyrinthine or retrosigmoid approach). For Question 4 (Grade 1 spondylolisthesis with back pain), answers were grouped into conservative (medical pain control and physical therapy) versus aggressive (posterolateral instrumented fusion with transforaminal interbody fusion, posterolateral instrumented fusion alone, lateral interbody fusion, or lateral interbody fusion with posterior instrumentation).
For Question 5 (middle-aged patient with a 6-mm anterior communicating artery [ACoA] aneurysm), answers were grouped into treatment (microsurgical clipping and coil embolization) versus no treatment. Of the respondents who chose treatment, their responses were further analyzed comparing those who chose microsurgical clipping versus those who chose coil embolization. For Question 6 (young patient with a right temporal 1.5-cm arteriovenous malformation [AVM]), answers were grouped into treatment (embolization followed by resection, radiosurgery, embolization alone, or resection alone) versus no treatment (observation). Of the respondents who chose treatment, their responses were further subdivided into conservative (radiosurgery) versus aggressive (embolization followed by resection, embolization alone, or resection alone). For Question 7 (elderly patient with left thalamic and intraventricular hemorrhage [IVH]), answers were grouped into intervention (evacuation of hematoma or ventriculostomy) versus no intervention (comfort measures only or medical critical care management). Of the respondents who chose intervention, their responses were further analyzed comparing those who chose evacuation of hematoma versus ventriculostomy.
All data were analyzed using SPSS (versions 20 and 22, IBM). Univariate analysis was performed on all groups and subgroups using the chi-square test for independence. Multivariate logistic regression analysis was performed on each question to characterize those variables associated with significant differences in responses between groups. Variables included in the multivariate analysis are respondent type (self vs surgeon offering recommendation), level of experience, practice location, practice type, practice focus (practices comprised ≥ 30% 
results comparison of Neurosurgeons' treatment choice for their patients versus themselves
A total of 534 neurosurgeons completed the survey. The survey link was successfully delivered to 2714 email addresses, yielding a response rate of 19.7%. Of those surveyed, 279 were randomized to answer the survey from the perspective of the surgeon recommending treatment and 255 from the perspective of the patient. See Table  2 for respondent demographics. There was no statistical difference between the two groups. In a subanalysis, there was a trend toward increased percentage of PT>10 respondents in the group taking the survey as the surgeon, compared with the group taking the survey as the patient (p = 0.06). In addition, no geographic differences were noted when comparing coasts (p = 0.225) or comparing Northeast with all other locations (p = 0.675).
Question 1 (epidural hematoma) was designed as a control question. The majority of neurosurgeons chose craniotomy for evacuation for their patient (98%) as well as for themselves (98.9%), and there was no difference between choices (p = 0.490).
In the clinical scenario for management of a low-grade glioma, the majority of neurosurgeons chose treatment over no treatment; the recommendation for treatment was similar whether deciding for the patient or for "self" (p = 0.452). Among the treatment options for the low-grade glioma, the majority chose the more aggressive option (resection) with no differences when deciding for the patient versus "self" (p = 0.172). In the management of a vestibular schwannoma, the respondents opted for treatment over conservative management in both surveys (p = 0.091). However, among respondents who chose treatment, the majority of neurosurgeons recommended resection for their patients (58.4%), but chose radiosurgery for themselves (55.3%, p = 0.002; Table 3 ).
In Question 4 (spondylolisthesis management), the majority of neurosurgeons chose observation (no intervention) for their patients and for themselves (p = 0.672; Table 4 ).
The majority of respondents chose coiling for both their patients and themselves in the ACoA aneurysm scenario. Slightly more neurosurgeons chose coiling for themselves than for their patients; however, this difference only approached statistical significance (80.5% vs 72.7%, p = 0.056; Table 5 ). For the temporal AVM in Question 6, the majority of neurosurgeons chose treatment of the lesion for both their patient and themselves (90.4% and 85.2%, respectively, p = 0.083). Of those who chose treatment of the AVM, neurosurgeons were significantly more likely to choose aggressive interventions for their patient than for themselves (70.7% vs 53%, p = 0.001; Table 6 ). When asked to consider the scenario of an elderly patient with a left thalamic hemorrhage and IVH, neurosurgeons were significantly more likely to choose treatment for their patient than for themselves (82.7% vs 64.7%, p < 0.001, Table 7 ). Of those who chose treatment, the majority chose ventriculostomy (99.2%) rather than a craniotomy.
comparison of Neurosurgeons' treatment choice based on experience
For Question 4 (spondylolisthesis), PT>10 neurosurgeons were significantly more likely to choose observation (no intervention) than residents and PT1-10 neurosurgeons (81.2% vs 72.0%, p = 0.023; Table 4 ). In the aneurysm scenario (Table 5) , PT>10 neurosurgeons were significantly more likely to choose treatment for their patient compared with less experienced surgeons (90.5% vs 80.2%, p = 0.032), but not for themselves (81.8% vs 84.0%, p = 0.718).
For the AVM in Question 6, residents or PT1-10 surgeons were significantly more likely to recommend AVM treatment (94%) than PT>10 neurosurgeons (84.7%) (p = 0.002). In the case of a thalamic hemorrhage and IVH, residents and PT1-10 surgeons were significantly more In the analysis for Question 7 (thalamic hemorrhage and IVH), the strongest predictor for the surgeons' choosing treatment for their patient was practice subtype ≥ 30% tumor neurosurgery (OR 2.453 [95% CI 1.081-5.564]; p = 0.032). Of those who chose treatment, there were no significant predictors for choosing craniotomy versus ventriculostomy when subdivided by practice type as almost all respondents chose ventriculostomy.
No significant trends or predictors were found when testing for differences among geography of survey respondents.
discussion
Our study shows that, in the majority of cases, altering the role of the surgeon did not change the decision to pursue treatment or not. In certain clinical scenarios, however, neurosurgeons did choose treatment options for themselves that were different from what they would have recommended for their patients. Medical decision making is a complex and multifactorial process. A variety of cognitive biases, in addition to personal experiences, prior training, and medicolegal considerations, play a role in decision making. 3, 7 A physician recommending treatment faces biases that are different from those faced by an individual who is choosing a treatment. Zikmund-Fisher et al. showed differences in responses among groups of nonmedical participants who were asked to choose treatment options from the perspective of a physician or a patient.
16
A change in the decider's role has a major impact on the choices that are made, and this phenomenon is reflected in the results seen in our survey. 13 One recurring theme illustrated by our cases is the balance between procedural invasiveness and durability of a cure. For example, studies have shown that endovascular coiling of intracranial aneurysms has a lower periprocedural morbidity than surgical clipping, but is also associated with a lower rate of complete occlusion. 11 In the clinical scenarios in our survey, neurosurgeons chose the minimally invasive treatment more often for themselves, potentially valuing less risk over durability. This trend differs from that in a prior study in which physicians were more likely to choose a hypothetically riskier and more invasive procedure for themselves if it resulted in a higher cure rate.
14 Our study may have produced different results for several reasons. For one, the use of common neurosurgical scenarios and familiar treatment options likely creates a decision process different from that of dealing with hypothetical illnesses and treatments. More importantly, the discrepancy in our findings likely results from the background of survey participants, that is, neurosurgical versus general medical. Neurosurgeons may have a set of values and personal priorities that is different from those of other populations. For example, some complications may be career ending, warranting neurosurgeons to choose a less efficacious, but safer, treatment. This is described as loss aversion and is part of Drs. Kahneman and Tversky's Nobel Prize-winning work in prospect theory. 8 In brief, it describes that when making decisions involving risk, individuals fear loss more than they desire gains. Our results show that neurosurgeons may be more loss or risk averse for themselves than for patients.
The dominant cognitive biases in medical decision making mainly pertain to reconciling the consequences of an adverse outcome from a decision against the benefits. Betrayal aversion dictates that harm from an intervention recommended by a trusted individual (a physician) is considered worse than the same harm from a random person or event (i.e., betrayal is not involved). 3, 9, 14 This is similar in scope to omission bias, where harm from a specific action is perceived as worse than the same harm occurring from inaction. 1, 2 In contrast, neurosurgeons may sometimes place a higher priority on preventing recurrences and associate this with a higher level of failure than a complication as a result of the procedure.
With improved access to both general medical information and results from controlled trials, patient-physician communications have become increasingly sophisticated. Classically, 4 models of physician-patient relations have been described. 6 These vary from a paternalistic model, which unilaterally places the responsibility of decision making with the physician, to the other extreme where factual information is presented with very little interpretation or guidance from the physician. When a patient asks, "Doctor, what would you do?" a distinct challenge is presented. Answering this question may breach patient autonomy; refusal to answer may lead to feelings of abandonment. 10 It is important for both parties to understand that different sets of values, cognitive biases, and processes play a role in medical decision making. An understanding of the patient's value systems, priorities, and treatment options will likely lead to the "right" decision. 12 Do neurosurgeons "practice what they preach?" Clearly, different biases play a role in the decision-making process from the perspective of the physician or the patient, and so the determination of "best treatment" needs context. It should not be assumed that one modality is superior if a physician chooses it for him-or herself. It also has been noted by several studies that doctors do not make "great" patients and they prefer to manage their own medical issues and sometimes do so poorly. 4, 5, 15 limitations This study has several limitations inherent to studies interpreting data from surveys. The population of neurosurgeons who responded to this survey may not be representative of the population of neurosurgeons as a whole (responder bias). It is possible that some of the respondents answered the questions in one way, but in reality would recommend something different (response bias). This may occur because the respondent answers the survey at his or her leisure without having to consider patient care goals or family preferences. In reality, however, these outside influences often play a large role in the neurosurgical decision-making process.
Survey design can lead to framing bias, whereby the wording of a question may bias the responder to answer in a certain way. In addition, there was a trend (p = 0.06) of more experienced neurosurgeons in the group randomized to take the survey as the surgeon. This clearly can influence results; however, this difference is marginal and would not change the conclusion of our subanalyses overall.
conclusions
There are several commonly encountered neurosurgical clinical scenarios where neurosurgeons would choose differently for themselves than for other people. These findings are likely a result of cognitive biases, previous training, areas of expertise, and personal values. It is important that the surgeon be aware of these decision-making biases to allow for appropriate interpretation of responses when asked by colleagues or patients to imagine him-or herself as the patient. The decision-making process is a very important aspect of neurosurgery, and previous studies exploring this are limited. This study serves as a framework for additional studies to explore particular aspects of the neurosurgical decision-making process. Ultimately, when making medical decisions, open communication with a patient about his or her wishes and goals will enable more satisfactory treatment decisions.
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